Twenty-eight commercial herb liqueurs, elaborated by maceration of aromatic and medicinal plants in grape marc distillate, were analysed. Thirty-two volatile compounds were identified and quantified by gas chromatography-mass spectrometry, whereas seven phenols were determined by high-performance liquid chromatography with UV detection. All compounds showed significant differences among the samples analysed as consequence of the initial composition of the distillate and the plants and spices used in the liqueur elaboration. Of the 32 volatile compounds identified, 18 were considered to be impact odorants (odour activity value ≥1) and these were classified into six odorant series. Spice, fruity and floral were the series that contributed the most to the aroma profile of the evaluated liqueurs. A first principal components analysis (PCA) was performed on the concentration of the seven phenols and these accounted for 75.37% of the total variance and a second PCA was performed on the concentration of the 18 impact odorants and these accounted for 60.96% of the total variance; allowing for the classification of the liqueur samples into three different groups.
Introduction
Analytical composition and sensory qualities of distilled beverages depend on the raw material, the storage and fermentation conditions and the distillation process (1) (2) (3) (4) (5) (6) . Orujo is an alcoholic beverage that is highly popular in Galicia (NW of Spain) with similar analytical characteristics to Bagaçeiras (Portugal), Grappa (Italy), Tsipouro (Greece) and Marc (France) (7) (8) (9) . These alcoholic beverages are obtained by distillation of the solid residues of grapes (stems, seeds and skins) after alcoholic fermentation. An important number of volatile compounds belonging to different chemical families (ethyl esters, acetates, aldehydes, alcohols, acids and terpenes) have been identified by gas gas chromatography-mass spectrometry and correlated with the corresponding sensorial attributes (10) .
Besides the non-aged distillate, many alcoholic beverages are aromatized with essential oils of plants, spices and fruits, after maceration or after a new distillation process. During these stages, the ethanol of the distillate extracts specific components with aromatic and antioxidant properties, changing the analytical and sensory profile of the initial drink.
Traditionally Orujo is macerated with various aromatic plants to elaborate herb liqueurs. Since 2004, the elaboration conditions and the analytical composition and sensory quality of these beverages are also regulated (11) . This normative establishes that the elaboration process includes the use of at least three aromatic and medicinal plants (AMP), the more recommended being mint (Mentha piperita L.), aloysia (Aloysia triphylla), oregano (Origanum vulgare), coriander (Coriandrum sativum L.), fennel (Foeniculum vulgare), nutmeg (Myristica fragrans), chamomile (Matricaria recutita L.), rosemary (Rosmarinus officinalis L.), thyme (Thymus vulgaris L.), orange blossom (Citrus sinensis), licorice (Glycyrrhiza glabra L.) and cinnamon (Cinnamomum verum).
The number and proportion of each plant depend on the unique recipe of the producing company, which usually keeps it a secret. The elaboration of this kind of alcoholic beverages has a long tradition in this part of Spain. Herbal liqueurs made with Orujo are well known and appreciated worldwide, mainly by their digestive properties. However, compared with the large number of published references about the analytical and sensory characteristics of young distillates, the herbal liqueurs have had few studies reported.
In this paper the first results available on the analytical profile (aroma and phenol compounds) of this kind of alcoholic beverages are presented, with the goal of providing general information about the mean composition of the traditional herbal liqueurs elaborated in Galicia. This work was demanded by the corresponding Regulating Council to characterize these kinds of beverages and to compare them with those liqueurs that have been elaborated with artificial aromas or extracts, two forbidden practices, in order to detect frauds and infractions. Currently work is also ongoing on the individual characterization of the liqueurs to determine the capacity of ethanol to extract essential oils from each plant.
Materials and methods
Samples of herbal liqueurs were analysed by GC and highperformance liquid chromatography (HPLC) to identify the volatile and phenolic compounds in order to characterize them and to distinguish them from other similar alcoholic beverages.
Liqueur samples
A total of 28 samples of commercial herb liqueurs from different companies, belonging to the Geographic Denomination 'Spirits and Traditional Liqueurs from Galicia', were subjected to analysis. All of them were elaborated according with the Geographic Denomination rules and their composition and sensory characteristics were also controlled, so their origin and authenticity could be guaranteed. Herb liqueur elaboration includes a first stage of maceration of several medicinal plants and species (a minimum of three) in grape marc distillate. The type and number of aromatic plants employed in the maceration depends on the process of the particular elaboration. After a minimum maceration process (a period of time fixed by the company), the macerate is diluted and sweetened with sugar or caramel and filtered before bottling.
Reagents and standards
The chemical standards used were as follows: linalool, α-terpineol, citronellol, nerol, geraniol, benzaldehyde, menthol, eugenol, isoeugenol, guaiacol, 1,8-cineol, α-pinene, 2-phenyl ethanol, 5-hydroxymethyl furfural, 4-hydroxy-3-methoxybenzyl alcohol (vanillyl alcohol), 4-hydroxy-3-methoxybenzoic acid (vanillic acid), 4-hydroxy-3-methoxyacetophenone (acetovanillone) and benzoic acid, all supplied by Sigma-Aldrich (Switzerland). The compounds 3-octanol, benzyl alcohol, phenyl-ethyl acetate, α-ionone, β-ionone, β-damascenone, 2-furancarboxaldehyde (furfural) and 4-hydroxy-3-methoxybenzaldehyde (vanillin) were purchased from Fluka (Switzerland). Limonene, ethyl butyrate, thymol, trans-anetol and γ-undecanolactone were supplied by Acros Organics, Fisher Scientific (Madrid, Spain). Isoamyl acetate sourced was from Panreac (Barcelona, Spain). Absolute ethanol, ether and hexane, used as solvents, were purchased from Merck (Darmstadt, Germany). Methanol (HPLC-gradient grade) and formic acid were supplied by Panreac (Barcelona, Spain) and the Milli-Q water was from a Millipore system (Bedford, MA).
Extraction of volatiles
One millilitre of internal standard (3-octanol, 48 mg L
À1
) and a magnetic stir bar were added to 30 mL of sample (herb liqueur) or standard and placed into a conical Erlenmeyer flask with a stopper. All samples were previously diluted with 20 mL of distilled water in order to reduce the alcohol content and improve the extraction process. Each sample/standard was extracted with diethyl ether-hexane (1:1) three times (4, 2 and 2 mL, respectively), at 300 rpm for 5 min. In each extraction, after 5 min at room temperature in a separatory funnel, the organic phase was separated from the aqueous layer. The three consecutive diethyl etherhexane extracts were transferred, without concentration, into a screw-cup vial and subjected to gas chromatography analysis.
Stock standard solutions of each volatile compounds were prepared by dissolving the pure standard in ethanol. Working standard solutions of each compound were prepared daily by mixing an aliquot of each individual solution and diluting with ultrapure water to obtain a final ethanol content of 10% (v/v). The internal standard for GC analysis, 3-octanol, was prepared in absolute ethanol 100% (v/v). Extractions of volatiles from each sample/standard were made in triplicate.
GC-FID and GC-MS analysis
Volatile compounds were analysed in an Agilent 7890 A gas chromatograph equipped with an Flame Ionization Detector (FID) system (Agilent Technologies, Deutschland, Germany) for quantification purposes. The organic extract (2 μL) of each sample was injected directly into the chromatograph. The capillary column used was a Zebron ZB-WAX (60 m × 0.25 mm i.d., film thickness 0.25 μm) from Phenomenex (Torrance, CA, USA).
The gas chromatographic operation conditions were as follows: injector temperature, 250°C; detector temperature, 260°C; carrier gas, hydrogen at a constant flow rate of 1.1 mL min
À1
; make-up gas, nitrogen 25 mL min
. The detector gas flow rates were: hydrogen, 40 mL min
; air, 350 mL min
. The oven temperature programme was 5 min at 60°C, then 1.5°C min À1 to 80°C and finally to 225°C at a rate of 3°C min
. The injection was made in split mode (1:5).
The extract was also analysed by GC-MS for identification purpose of the volatile compounds. The GC was a Finningan Trace DSQ (Thermo, Austin, USA). The column was a HP Innowax (60 m × 0.25 mm i.d., film thickness 0.25 μm) from Agilent (Agilent Technologies, Deutschland, Germany). The carrier gas was hydrogen at 1.1 mL min
. The oven parameters were the same as previously described for GC-FID analyses. Mass spectra were acquired in the electron impact mode (ionization energy, 70 eV, source temperature 200°C) at 5 scan s
, using full scan with a mass acquisition from m/z 10 to 1000.
The identification of most of the volatile compounds was achieved by comparison of retention times and mass spectra with those of pure standard compounds. Identification was considered tentative when it was only based on the match mass spectra of the compound with the reference mass spectra of the NIST library.
Quantitative analyses were made employing the corresponding response factor for each compound in the reference solution, according to the internal standard method using the chromatograms obtained in the GC-FID analysis.
HPLC analysis
All samples of liqueurs were filtered through 0.22 μm pore membranes (Sartorius, Goettingen Germany) before the analysis in order to determine, by HPLC, some cinnamic acids, phenolic and furanic aldehydes and their derivates. An Agilent Technologies 1200 series system consisting of a quaternary pump (G1311 A), an injector (5 μL injection loop), a degasser (G1322 A), a UV detector (Agilent, Palo Alto, CA) and a Zorbax SB-Aq reverse-phase column (Agilent, Palo Alto, CA) with a guard column were employed. Separation was achieved using a linear gradient run at 35°C in 65 min from 0 to 48% of A at a flow rate of 1 mL min B (2.5% formic acid in Milli-Q water, v/v). Detection was carried out at 276 nm.
The identification of each compound was performed by comparing retention times with those of pure standards. Quantification was done by external calibration preparing calibration curves of six points with concentrations of: vanillin, 0.5-12 mg L 
Odour activity values
The odour activity value (OAV) is defined as the ratio between the concentration of a volatile compound in a sample and its odour perception threshold value. Volatile compounds with OAV ≥ 1 are considered to contribute directly and individually to the aroma and they are commonly appointed as the most important volatile compounds or the most active odorants. The rest of volatiles with OAV < 1, could increase the aromatic notes of other compounds through synergistic effects and therefore contribute to the global aroma. To evaluate the contribution of each volatile compound to herbal liqueurs aroma, the OAV were calculated.
Statistical procedures
All instrumental data obtained were analysed using XLstat-Pro (Addinsoft). One-way Analysis of Variance (ANOVA) was applied to establish whether significant differences (p < 0.05) existed between the values obtained for the mean concentration of each compound in the different herbal liqueurs analysed. The multiple range test (LSD) was applied to confirm the results obtained. Principal component analysis (PCA) on phenol compounds and impact odorants (OAV ≥ 1) was also applied.
Results and discussion
The major commercial brands of herb liqueurs from Galicia (Spain) were analysed in this study in order to determine the most abundant phenolic compounds and impact odorants that can describe them.
Phenolic composition
Phenolic compounds in herb liqueurs may come from the grape marc distillate or the plants used in their elaboration process. Winery by-products, before and after distillation contain a large amount of phenolic compounds with antioxidant activity and several positive effects on human health (12, 13) . The maceration of the plants in the distillate increases the phenolic content and the corresponding health benefits.
In total, seven phenolic compounds were identified by HPLC in the 28 liqueur samples analysed. All samples showed similarities in the qualitative phenolic profile, but differed significantly (p ≤ 0.05) from a quantitative point of view (Table 1 ). The compounds HMF and benzoic acid were the phenols with higher concentrations, whereas vanillyl alcohol, vanillin and acetovanillone were those with the lower content.
The last three compounds (lignin-derived compounds) are more related to wood-aging (14)
Phenolic acids, vanillic and benzoic, are secondary metabolites, implicated in allelopathy in plants (17) . These compounds are potentially protective factors against cancer and heart diseases owing to their potent antioxidative properties and their presence in a wide range of commonly consumed foods of plant origin (18) . Vanillin as natural flavouring also could be added to increase the global aroma of the liqueur (11).
Furfural and HMF are formed from pentose and hexose dehydration, respectively, along the distillation or storage process. However, their concentration in the herb liqueur also depends on the quantity of caramel colours added as colouring and sweetener. This could justify the higher concentration of HMF in some of the samples analysed.
Volatile compounds
Methanol, ethyl acetate, acetaldehyde and the total content of a group of higher alcohols (2-butanol, 1-propanol, 2-methylpropanol, 1-butanol, 2-methyl-butanol and 3-methyl-butanol) are the more abundant volatile compounds in grape marc distillate and thus in the corresponding liqueurs. Their presence and concentration are controlled by the Regulating Council, which fixes minimum and maximum values for them. All samples analysed were commercial herb liqueurs previously certified by the 13 norisoprenoids, volatile phenols and lactones) were identified in the herb liqueurs analysed (Table 2) . Mean values, standard deviations and ranges (minimum and maximum) are shown. Table 2 reveals that all volatile compounds identified in the herb liqueurs, except isoeugenol, showed significant differences for the mean concentration. Ten compounds showed standard deviation higher than their mean value, indicating a broad range for the analysed samples. This is due to the different mix of aromatic and medicinal plants used by companies during the maceration process. The most abundant volatile was 2-phenyl ethanol (73.45%). This compound can originate from both the distillate and the plants used in the elaboration of liqueurs.
Results in Table 2 show that the total amount of terpenes in the herb liqueur composition was also significant. Linalool (2.16%) is a terpene compound present in the majority of grape marc distillates obtained from the main aromatic white grape varieties of Vitis grown in Galicia (NW of Spain). This compound is present in distillates in a concentration range of 0.01-7.87 mg L À1 (19) ; however, the high concentrations of linalool in some of the herb liqueurs analysed must be consequence of the maceration of different plants. Linalool is the main compound founded in coriander (20) and orange blossom (21) . Lower concentrations of linalool also Reference from which the aroma descriptor and the odour threshold value has been taken is given with superscript numbers. (24) and M. fragrans (25) . Another terpene found in a high proportion in the herb liqueurs analysed was menthol (2.17%). This compound is not present in the volatile profile of grape marc distillates (19) , so its concentration in herb liqueurs can only come from the traditional aromatic and medicinal plants used in the elaboration, mainly, M. piperita L (26). Similar explanations can be applied to the presence of thymol in the samples analysed. This is the main compound present in T. vulgaris L. (27) and it also appears, but in low proportion, in other traditional aromatic and medicinal plants used [O. vulgare (28) and R. officinalis L. (29)]. The C13-norisoprenoids were present in low concentrations; however they are important for the global aroma due to their low threshold values.
Acetates and ethyl esters of volatile acids are the group of volatile compounds qualitatively more abundant in the composition of herb liqueurs. Their presence and concentration in the liqueur come from the distillate employed in the elaboration process. Ethyl butyrate (2.49%), ethyl octanoate (2.60%) and ethyl decanoate (2.77%) were the major volatiles quantified from these families.
Among volatile the phenols, eugenol (2.18%) and transanethole (3.16%) also contribute to the global aroma of herb liqueurs. Both compounds are present in a relatively high concentration in some of the plants used in the maceration process (30) (31) (32) .
Eugenol is one of the main compounds of cinnamon (33), but it can also appear in low concentrations in R. officinalis L. (34) . According to previous research, this compound can be detected in low quantities (≤ 0.44 mg L
À1
) in grape marc distillates (19) ; however, the high concentration (i.e. 7.48 mg L
) found in some of the liqueurs samples analysed suggests that this compound is extracted by the ethanol, during the maceration process, from cinnamon and/or R. officinalis L. trans-Anethole appears in high concentrations in some of the herb liqueurs analysed. It is probable that these beverages include F. vulgare among the plants used for the herb liqueur elaboration process, as trans-anethole is the main volatile compound detected in some subspecies of F. vulgare (35) .
Odour activity values and aromatic series
In order to evaluate the most active odorants in herb liqueurs, the concentration of each volatile compound was correlated with its threshold value (as reported in the literature) and the corresponding results are showed in Table 3 . The majority (56%) of the volatile compounds identified in the herb liqueurs analysed showed OAV ≥ 1. All volatile phenols and C 13 norisoprenoids contribute directly to the global aroma of the herb liqueurs, increasing the spice and floral notes, respectively. Vanillin, with OAV = 10.7, also contributes to the spice intensity. Two important terpenes, linalool and citronellol, and a higher alcohol, 2-phenylethanol, showed high values of OAV, and these increase the floral notes of the herb liqueurs. All of the above-mentioned compounds come mainly from the plants employed in the elaboration of herb liqueurs. Other compounds, such as acetates and ethyl esters of volatile acids, showed high values of OAV, among them isoamyl acetate, ethyl butyrate, ethyl hexanoate, ethyl octanoate and ethyl decanoate. These volatiles are formed during alcoholic fermentation and distillation of grape pomace and contribute mainly with fruity notes. The rest of volatiles do not appear to contribute individually to wine aroma; with OAVs <1, however they can enhance some attributes by synergism effects with other active odorants.
To evaluate the global aroma of the herb liqueurs, all volatile compounds were grouped into six different classes (aromatic series), according to their similar odour descriptors. A compound with several descriptors may belong to different series. The total value in each series results from the sum of individual OAVs of the volatile compounds that are include in each class. Figure 1 shows the mean value of each aromatic series. Based in the synergic effects, compounds with OAV < 1 were also included in the sum.
Results showed that 'spice' was the most important aromatic series to describe herb liqueurs. 'Fruity', 'floral' and 'vegetal' were also aromatic series with high influence in the overall aroma. However, 'sweet' and 'nutty' did not contribute directly to the global aroma of this kind of beverage.
Results must be completed with the corresponding profile resulting from the mean value of aroma descriptors given by a tasting panel. The aroma profile defined taking only into account the most active odorants (OAV) must be considered as a tentative.
Principal component analysis
In order to determine the influence of the different variables evaluated (phenols and volatiles) in the composition of herb liqueurs, a multivariate principal component analyses was carried out. A first PCA was performed on the concentration of the seven phenols determined in the 28 herb liqueurs analysed (Fig. 2) . The first two principal components, PC1 and PC2, accounted for 75.37% of the total variance (57.80% and 17.58%, respectively).
The first component (PC1) was characterized by major concentration of vanillyl alcohol, acetovanillone, furfural and benzoic and vanillic acid. For the second component (PC2), HMF showed high and positive value, whereas, vanillin was negatively correlated. As a result of the high dispersion in the data obtained from the phenols determined in the samples studied, no statistical separation could be clearly observed. Most of the herb liqueurs analysed were located on the negative side of PC1 and were negatively influenced by the variables generated from the PCA Figure 1 . Mean value of aromatic series.
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analysis. Only sample 15, located at positive side of PC2, was mainly characterized by a high content of HMF, and six samples (2, 8, 9, 18, 19, 26) , located on the positive side of PC1, were characterized by vanillyl alcohol, acetovanillone, furfural and benzoic and vanillic acid.
A second PCA was performed on the concentration of impact odorants, volatiles with OAV ≥ 1, determined in the 28 herb liqueurs analysed (Fig. 3) . Eighteen volatiles, from the 32 identified, were considered as impact odorants, and for this reason with a direct contribution to the aroma of the herb liqueurs. The first two principal components (PC1 and PC2) accounted for 60.96% of total variance (38.13 and 22.83%, respectively). The first component (PC1) was positively correlated with citronellol, α-ionona, linalool, β-damascenone and 2-phenyl ethanol and negatively correlated with isoeugenol. For the second principal component (PC2), all ethyl esters of volatile acids (ethyl hexanoate, ethyl octanoate, ethyl butyrate and ethyl decanoate) with β-ionone showed high and positive values, whereas 1,8-cineol and thymol contributed to the negative side of the same principal component. Three groups of herb liqueurs are shown in Fig. 3 . A first group was characterized by thymol and 1,8-cineol. A second group correlated positively with the odorants located on the positive side of PC1 and, a third group, with low number of samples, defined by those odorants was sited on the positive side of PC2, ethyl esters and β-ionone.
Conclusions
This study shows the first approach to the chemical composition of herb liqueurs elaborated by maceration of traditional aromatic and medicinal plants in grape marc distillates. Twenty-eight different commercial brands were analysed by GC-FID, GC-MS and HPLC-UV in order to identify the main volatile compounds and phenols that characterize the samples. All compounds showed significant differences in the concentration between the samples. Seven phenolic compounds were identified, the most abundant being those originated in the caramel employed in the liqueur elaboration (furfural and 5-hydroxymethylfurfural). Thirty-two volatile compounds, from eight chemical families, were identified and the corresponding OAVs were calculated. Eighteen volatiles showed OAV ≥ 1, being considered as impact odorants and classified into six odorant series. Spice, fruity and floral were the series that most contributed to the aroma profile of the evaluated liqueurs. PCA analysis on phenol compounds (75.37%) did not allow a clear separation of the samples owing to the high dispersion in the data obtained for the concentration of these compounds. However, a second PCA analysis on impact odorants (60.96%) showed three different groups of herb liqueurs.
